( J ä ger-Z ü rn and Grubert, 2000 ) . The clusioid clade also contains problematic invasive species, such as Hypericum perforatum L., which has been shown to outcompete native species and is toxic to livestock ( Huffaker, 1951 ; Giese, 1980 ; Mitich, 1994 ; Vandenbogaerde et al., 1998 ; Buckley et al., 2003 ) .
Clusioids are also economically important. Many species are cultivated in the horticultural trade (e.g., Hypericum spp.) or harvested for timber (e.g., Calophyllum brasiliense Cambess., Mesua ferrea L.). Several species have pharmacological activity and are potentially useful for the treatment of tumors, depression, and AIDS ( Bennett and Lee, 1989 ; Burkhardt et al., 1994 ; McKee et al., 1998 ; Ernst, 2003 ) . St. John ' s wort ( H. perforatum ), for example, is one of the best-selling herbal medicines worldwide, with annual sales in the United States of around $200 million ( Ernst, 2003 ) . Furthermore, members of this clade produce the important tropical fruits the mangosteen ( Garcinia mangostana L.) and the mammey apple ( Mammea americana L.).
The current circumscription of the clusioid clade differs from previous morphology-based classifi cations, and molecular data were required to detect its component families and their interrelationships Soltis et al., 2000 ; Wurdack and Davis, 2009 ). Cronquist (1981) , for example, placed the clusioids in two distantly related orders, Theales and Podostemales, in his subclasses Dilleniidae and Rosidae, respectively. Terrestrial members of this clade (i.e., Bonnetiaceae, Calophyllaceae, Clusiaceae s.s., and Hypericaceae) have long been considered closely related, and the name Clusiaceae (alternately called Guttiferae) has historically been applied to various combinations of taxa now found in these four families (e.g., Cronquist, 1981 ; Takhtajan, 1997 ; Mabberley, 2008 ) . The alternate-leaved clusioids, Bonnetiaceae, and some Calophyllaceae were considered closely related to Theaceae s.l. (e.g., Baretta-Kuipers, 1976 ; Cronquist, 1981 ; Takhtajan, 1997 ; Weitzman and Stevens, 1997 ) , but subsequent phylogentic evidence placed Theaceae s.l. in the asterid order Ericales ( Stevens, 2001 onward; APG III, 2009 ). The wholly aquatic Podostemaceae have been very diffi cult to place owing to their highly atypical morphology, but were never thought to be closely related to other clusioids ( Stevens, 2007b ) . They have long been considered morphological misfi ts and are so unlike most angiosperms that some systematists suggested they be recognized as their own class, equal in rank to monocots and dicots ( Cusset and Cusset, 1988 ) .
These newly discovered relationships have led to a reexamination of morphological characteristics that revealed several putative synapomorphies for the clusioid clade and its major subclades. All clusioid families share distinctive xanthones, and many members of the clade possess exotegmic seeds (Bonnetiaceae, some Calophyllaceae, some Clusiaceae, Hypericaceae, and Podostemaceae). Bonnetiaceae, Clusiaceae s.s., and Hypericaceae share staminal fascicles opposite the petals, and Hypericaceae and Podostemaceae share tenuinucellate ovules. Additionally, Bonnetiaceae, some members of Hypericaceae, and Podostemaceae have papillate stigmas, and Hypericaceae, Calophyllaceae, Clusiaceae s.s., and some Podostemaceae share resin-containing glands or canals that are especially visible in the leaves ( Cook and Rutishauser, 2007 ; Stevens, 2007a , b ; Weitzman et al., 2007 ) .
Several molecular phylogenetic studies have focused on individual clusioid families, subfamilies, or genera Kato, 2001 , 2004a ; Abdul-Salim, 2002 ; Gustafsson et al., , 2007 Notis, 2004 ; Moline et al., 2006 Moline et al., , 2007 Sweeney, 2008 ; Koi et al., 2009 ; Thiv et al., 2009 ; Wurdack and Davis, 2009 ; Tippery et al., in press ), but only two of these studies have addressed relationships broadly within the clade. provided evidence for several major clusioid subclades, most notably Podostemaceae + Hypericaceae. Relationships within and between most subclades, however, were not well resolved. This lack of resolution is likely due to their limited taxon sampling and the use of a single plastid gene, rbcL . Wurdack and Davis (2009) analyzed 13 genes from three genomes and provided strong resolution among the major clusioid subclades. In particular, their results included the unexpected fi nding that Clusiaceae s.l., as traditionally circumscribed, were not monophyletic. However, their taxon sampling was also narrow, including only 17 genera (of 94), each represented by a single placeholder taxon. Despite these insights, many questions remain unanswered. In particular, molecular results surprisingly suggest that the pantropical Symphonieae (Clusiaceae s.s.), with their unique stigmas, are not monophyletic Sweeney, 2008 ) . Additionally, intergeneric relationships in most clusioid subclades are unknown, and it is thought that some genera are likely not monophyletic (e.g., Hypericum , Garcinia , Ledermanniella s.s.; Stevens, 2007a , b ; Sweeney, 2008 ; Thiv et al., 2009 ; N ü rk and Blattner, 2010 ) . The major goal of our study is to assemble the fi rst well-supported multigene phylogeny of the clusioid clade with dense taxonomic sampling. This will allow us to better assess the classifi cation of the group, elucidate patterns of character evolution, establish synapomorphies for the major clusioid subclades, and pave the way for larger biogeographic analyses. To achieve our goal, we sampled three plastid genes ( matK , ndhF , and rbcL ) and the mitochondrial gene matR from the broadest clusioid taxon sampling to date.
MATERIALS AND METHODS
Taxon sampling -Our taxon sampling comprises 222 terminals including outgroups. Of these, 194 are clusioid species representing 71 of the 94 currently recognized genera and ~10% of the species diversity in this clade ( Cook and Rutishauser, 2007 ; Stevens, 2007a , b ; Weitzman et al., 2007 ; Thiv et al., 2009 ; Koi and Kato, 2010 ; Tippery et al., in press ) . Voucher information and GenBank numbers for all sequences are provided in Appendix 1. Most missing genera were from Podostemaceae (19 of 23; see Table 1 ). Tippery et al. (in press) have shown that several genera of Podostemaceae are not monophyletic. The species of Oserya that were transferred to Noveloa by Tippery et al. are represented here by N. coulteriana (Tul.) C.T. Philbrick. In addition, Tippery et al. found that the monotypic Vanroyenella was embedded within a Central American clade of Marathrum. Accordingly, we have included this species as
Only four small genera outside Podostemaceae are missing from our analyses: Lebrunia (monotypic, Africa; Calophyllaceae), Lianthus (monotypic, China; Hypericaceae), Neotatea (four species, South America; Calophyllaceae), and Thysanostemon (two species, South America; Clusiaceae s.s.). Despite several attempts, we were unable to obtain polymerase chain reaction (PCR) amplicons from these taxa, perhaps due to the diffi culty of obtaining high quality clusioid DNA from herbarium vouchers . Our sampling included four genera that have not been included in previous molecular studies: Ceratolacis , Diamantina , and Griffi thella (Podostemaceae), and Santomasia (Hypericaceae). We have also increased the taxon sampling across the biogeographical range of the clusioid clade and within numerous genera to begin assessing generic circumscriptions and infrageneric relationships. In some instances, gene sequences from different vouchers of a single species were combined (see Appendix 1) . The sister group of the clusioid clade is unclear; therefore, we included 26 taxa representing all major lineages of Malpighiales sensu Wurdack and Davis (2009 ) as outgroups. Two taxa from the more distant outgroups Celastrales (Celastraceae) and Oxalidales (Oxalidaceae) were also included. Celastraceae were used to root our trees based on the fi ndings by Wang et al. (2009) .
polymer regions (which were particularly common in Hypericaceae and Podostemaceae), gene regions were sometimes amplifi ed and sequenced in smaller fragments and assembled into a larger contig. PCR products were sequenced using the facilities and protocols at Functional Biosciences (Madison, Wisconsin, USA).
In addition, we included plastid data ( matK , ndhF , and rbcL ) from seven clusioid plastid genomes: Clusia rosea Jacq. and Garcinia mangostana L. (Clusiaceae s.s.); Hypericum kalmianum L., H. perforatum L., Triadenum fraseri (Spach) Gleason, and Vismia guianensis (Aubl.) Choisy (Hypericaceae); and Podostemum ceratophyllum Michx. (Podostemaceae). These data were Molecular methods -PCR amplifi cation and automated sequencing mostly followed Wurdack and Davis (2009) . When these protocols were unsuccessful, we used additional primers from the literature ( matK : trnk-710F, 1168R [ Johnson and Soltis, 1995 ] , pod2R, pod3F, pod7F [ Kita and Kato, 2001 ] ; ndhF : 536F, 1318F, 1318R, 1603R [ Olmstead and Sweere, 1994 ] and 2153R [ Wang et al., 2009 ] ; and rbcL : 1204R [ Zurawski et al., 1981 ] ) plus several designed here (see Table 2 ). Primers were frequently optimized independently for each major clusioid subclade. Primer mismatch was also addressed using a step-down PCR procedure ( Korbie and Mattick, 2008 ) . Depending on the quality of the DNA template and the presence of homo- Table 1 . Updated classifi cation of the clusioid clade refl ecting the fi ndings of this and other recent studies (see text). Taxa are listed in alphabetical order.
Genera marked with " * " are represented in this study. Genera marked with " ⊗ " have been suggested to be nonmonophyletic with molecular data but taxonomic changes have yet to be made. Recent taxonomic changes sensu Tippery et al. (in press) ( Posada and Buckley, 2004 ) . We chose not to estimate the proportion of invariant sites in the ML and BI analyses as suggested in the RAxML manual. The invariant sites model, in particular, can fail to fi nd important patterns of variation in the data as discussed by Pagel and Meade (2005) . For each analysis, the optimal ML tree and BP values were estimated in the same run using the default settings. The ML BP values were obtained from 1000 bootstrap replicates using the rapid bootstrap algorithm implemented in RAxML ( Stamatakis et al., 2008 ) . The BI analyses were conducted using the parallel version of the program BayesPhylogenies ver. 1.1 ( Pagel and Meade, 2004 ; distributed by M. Pagel at http://www.evolution.rdg.ac.uk/BayesPhy.html ) using a reversible-jump implementation of the mixture model as described in Venditti et al. (2008) . This approach allows the fi tting of multiple models of sequence evolution to the data without a priori partitioning. Default settings were applied, and a GTR model was used with among-site rate variation estimated by a gamma distribution with four rate categories. We performed three independent analyses on each data set (six total runs) to determine consistency of stationary-phase likelihood values and estimated parameter values between runs. Each Markov chain Monte Carlo run consisted of 10 million generations, with sampling of trees and parameters every 1000 generations. Convergence was assessed using the program Tracer ver. 1.5 (distributed by A. Rambaut at http://tree.bio.ed.ac.uk/software/tracer/). Posterior probabilities (PP) were determined by building a 50% majority rule consensus tree after discarding the burn-in generations (the fi rst 20% of the topologies were excluded in the fi rst fi ve runs; 40% of the topologies were excluded in the sixth).
Alternative topology tests -Alternative topology tests were conducted in a ML framework using the approximately unbiased (AU) test ( Shimodaira, 2002 ) as implemented in the R software package, scaleboot ver. 0.3-2 ( Shimodaira, 2008 ;  distributed by CRAN at http://www.r-project.org). All constrained searches were conducted, as described above, using the reduced and expanded data sets. We initially determined whether the combined data could reject any of the topologies produced by individual genes, thereby indicating potential problems for analyzing these genes simultaneously. To achieve this goal, we conducted separate tree searches on single gene data sets ( matK , ndhF , rbcL , and matR ). We considered two topologies to be at odds if both contained confl icting clades supported by ≥ 80 BP. As such, clades supported by ≥ 80 BP in these individual gene analyses were then used to constrain searches on the combined data. In addition, we also tested the monophyly of several traditionally recognized taxa that were found to be nonmonophyletic in our analyses. We separately enforced monophyly for Clusiaceae s.l. (Calophyllaceae + Clusiaceae s.s), Dystovomita , Garcinia , Harungana , Hypericum , Ledermanniella , Tovomita , and Zeylanidium . Testing the monophyly of Dystovomita and Zeylanidium using the reduced data set was not possible due to insuffi cient taxon sampling. Finally, we assessed the alternative placement of Mourera as found in the MP analyses. In the MP analyses of both combined data sets, Mourera was placed sister to the Podostemoideae excluding Diamantina, while in the ML and BI analyses it was placed sister to a clade containing Apinagia , Castelnavia , Marathrum , Monostylis , Noveloa , and Rhyncholacis . The MP placement was enforced and tested against the unconstrained ML trees. collected as part of a larger study to use complete plastid genomes to resolve relationships of the major subclades of Malpighiales ( Xi et al., 2010 ) .
Sequence assembly and phylogenetic analyses -Chromatograms were assembled into contiguous sequences and checked for accuracy using the program Sequencher ver. 4.9 (Gene Codes Corp., Ann Arbor, Michigan, USA). Primer regions were removed and sequences were aligned by eye as translated amino acids using the program MacClade ver. 4.08 ( Maddison and Maddison, 2005 ) . The ragged ends of the alignments and ambiguous internal regions were trimmed prior to analysis. Data matrices and trees are available in the database TreeBASE (http://www.treebase.org; accession S10995) and from the fi rst author.
Maximum parsimony (MP), maximum likelihood (ML), and Bayesian inference (BI) were conducted to infer the phylogeny of the clusioid clade. We analyzed potential confl ict between the individual and combined data sets using alternative topology testing (see below). Analyses of the combined data were conducted on reduced and expanded data sets. The reduced data set contained fewer taxa, but greater character density (ntax = 169, missing data = 8.4%). The expanded data set contained more taxa, but some taxa were missing data from one or more gene regions (ntax = 222, missing data = 19.4%). The expanded data set was important for including the most morphological, taxonomic, and biogeographic diversity in the group. Taxa with missing characters or characters lacking data from some taxa are often excluded from phylogenetic studies due to concerns surrounding the adverse effects of missing data on phylogenetic inference. However, recent work suggests that including taxa with missing data can provide increased phylogenetic resolution ( McMahon and Sanderson, 2006 ; Wiens, 2006 ; Wiens and Moen, 2008 ) .
The MP analyses were conducted with the program PAUP* ver. 4.0b10 ( Swofford, 2003 ) using the parsimony ratchet ( Nixon, 1999 ) as implemented in the program PAUPRat ( Sikes and Lewis, 2001 ; distributed by D. Sikes at http:// users.iab.uaf.edu/~derek_sikes/software2.htm). We conducted 10 replicates of 200 iterations each with 15% of characters reweighted per iteration. Gaps were treated as missing data and included in the analyses. Bootstrap percentage (BP) support ( Felsenstein, 1985 ) for each clade was estimated from 1000 heuristic search replicates using PAUP* (10 random taxon addition replicates, treebisection-reconnection [TBR] swapping, option MULTREES = yes, and holding no more than 10 trees per replicate).
The ML analyses were implemented with the parallel versions of the program RAxML ver. 7.2.5 or 7.2.6 ( Stamatakis, 2006 ; distributed by A. Stamatakis at http://wwwkramer.in.tum.de/exelixis/software.html). Two partitioning schemes for each data set were used: unpartitioned and partitioned by gene region. Each analysis was conducted fi ve times with different starting trees to check for convergence in likelihood values. We determined the optimal model of evolution for the unpartitioned and partitioned data sets by using the Akaike information criterion (AIC) as implemented in the program ModelTest ver. 3.7 ( Posada and Crandall, 1998 ; Posada and Buckley, 2004 ) . However, because RAxML does not allow for the specifi cation of the TVM+I+ Γ model ( Table 3 ) , the GTR+ Γ model of evolution was applied to each partition in the partitioned data sets with all parameters estimated from the data. The TVM and GTR models differ only by a single parameter; TVM constrains transition rates to be equal Hasebe et al., 1994 ) All clades 636Fm
Notes: Primers have the same name as in the publication listed followed by an " m " to indicate that they have been modifi ed for use in the clusioid clade. Bonnetiaceae (B), Calophyllaceae (K), Clusiaceae s.s. (C), Hypericaceae (H), and Podostemaceae (P).
were unresolved by Wurdack and Davis (2009) , and Rhizophoraceae + Erythroxylaceae were instead placed as sister to Ctenolophonaceae. The latter was unplaced in our results. We advise caution when interpreting these results, however, because our sampling includes a relatively small representation of non-clusioid taxa and far fewer genes than in the study by Wurdack and Davis (2009) .
The clusioid clade and each of its fi ve families are strongly supported (100 BP) as monophyletic in all analyses. Moreover, the interfamilial relationships reported here are the same as those in Wurdack and Davis (2009) . Within the clusioid clade, Bonnetiaceae and Clusiaceae s.s. form a clade (88 BP; Fig. 2 ). This clade is sister to a strongly supported (96 BP; Fig. 1 ) clade containing the remaining three families Calophyllaceae, Hypericaceae, and Podostemaceae. Calophyllaceae are sister to a strongly supported (100 BP) clade containing Hypericaceae and Podostemaceae.
Alternative topology tests -No individual gene topologies from the expanded data set were rejected by the combined expanded data set. The individual gene topologies of ndhF and matR derived from the reduced data set, however, were rejected by the reduced combined data ( Table 4 ). In the ndhF topology, well-supported confl ict was identifi ed in Hypericaceae and Podostemaceae. In Hypericaceae, confl ict involved the placement of Hypericum grandifolium Choisy. This taxon was sister to Hypericum androsaemum L. in the ndhF topology (85 BP; data not shown), but sister to Hypericum hircinum L. in the combined data topology (88 BP; Fig. 3 ). Confl ict in Podostemaceae involved the placement of Dicraeanthus zehnderi H.E. Hess, which was placed sister to Ledermanniella bowlingii (J.B. Hall) C. Cusset in the ndhF topology (91 BP; data not shown) but sister to Ledermanniella letouzeyi C. Cusset in the combined data topology (83 BP; Fig. 3 ). In the matR topology, well-supported confl ict was identifi ed in the Caraipa (Calophyllaceae) and Cratoxylum (Hypericaceae) clades. Caraipa densifolia Mart. was placed sister to a well-supported (81 BP; data not shown) clade containing the remaining Caraipa species. In the combined reduced topology, C. densifolia was instead strongly placed RESULTS Sequences/matrices -Our combined alignment included 6237 nucleotide bases. One hundred fi fty-seven, 161, 125, and 144 sequences for matK , ndhF , rbcL , and matR were newly obtained for this study, respectively (Appendix 1; GenBank numbers HQ331542-HQ332128). These additions include the fi rst published ndhF sequences for Podostemaceae. Genes matK and ndhF were the most variable markers and had a nearly equal percentage of parsimony informative characters; rbcL was slightly more informative than matR . Relevant characteristics for each gene region and data set are listed in Table 3 .
Phylogenetic analyses -Topologies derived from the combined data sets using MP, ML, and BI methods were largely congruent and contained no well-supported differences. Additionally, ML topologies resulting from unpartitioned and partitioned data sets were also congruent within and between partitioning schemes. The MP BP values were often lower than ML BP values, while BI support values were sometimes much higher (see Figs. 1 -4 ) . Furthermore, artifi cially infl ated support values in BI analyses have been previously noted ( Suzuki et al., 2002 ; Douady et al., 2003 ; Simmons et al., 2004 ) . For these reasons, we will focus our discussion below on the 50% ML majority-rule consensus tree of the partitioned expanded data set ( Figs. 1, 2 ). In addition, results from the partitioned reduced data set ( Figs. 3, 4 ) and BI support values from each fi gure will be mentioned where relevant.
Outgroup relationships are generally in agreement with those reported in Wurdack and Davis (2009) : Malpighiales are strongly supported (100 BP; data not shown) as monophyletic, but relationships between its major subclades are largely unresolved. One difference in the Bayesian analyses relates to the placement of Bruguiera (Rhizophoraceae) as sister to Cyrillopsis (Ixonanthaceae) with 95 PP and 98 PP with the reduced and expanded data sets, respectively (data not shown). Irvingia (Irvingiaceae) is in turn sister to this clade with 98 PP and 90 PP with the reduced and expanded data sets, respectively (data not shown). The placements of Irvingiaceae and Ixonanthaceae 
Fifty percent maximum likelihood (ML) majority-rule consensus tree of the clusioid clade based on the combined four-gene expanded data set (ntax = 222, missing data = 19.4%). Support values ≥ 50% are indicated. Values above branches are ML bootstrap values (left) and Bayesian inference posterior probabilities converted to percentages (right). Maximum parsimony bootstrap values are given below each branch. A hyphen indicates that the node was not present in a particular analysis. Endo., Endodesmieae; Wed., Weddellinoideae. Revised names for Hypericeae genera are given; former names are included in parentheses. Tree continued in Fig. 2 . ® vascular tissue. Shared fl oral features between these two genera include a fi ve-locular ovary that develops into a capsule that dehisces from the proximal end. Additionally, their androecium is fasciculate with fi ve staminodes. In Bonnetia , nodes are trilacunar, no disciform structures are present on the leaves and/or bracts, and marginal setae are not associated with vascular tissue. The ovary in Bonnetia is three-to four-locular and develops into a capsule that dehisces normally from the distal end. The androecium is apparently not fasciculate (but see Steyermark, 1984 ) , and staminodes are absent. Bonnetia additionally have a mucilaginous epidermis, a foliar endodermis, and foliar sclereids, which are not present in the Archytaea + Ploiarium clade.
All previous molecular studies that included Bonnetia sampled only a single species. We include eight species representing the entire biogeographic range of the genus. Within Bonnetia , B. roraimae Oliv. is placed sister to the remaining Bonnetia species. This relationship is weakly supported by ML (53 BP), but strongly supported by BI (97 PP). Bonnetia ahogadoi (Steyerm.) A.L. Weitzman & P.F. Stevens was placed by Steyermark (1984) in a separate genus, Acopanea. Weitzman and Stevens (1997) transferred Acopanea into Bonnetia on the basis of anatomy and morphology, a conclusion which is supported by our analyses. Only three Bonnetia species [i.e., B. cubensis (Britton) R.A. Howard, B. stricta (Nees) Nees & Mart., and B. paniculata Spruce] occur outside of the Guiana Shield region in adjacent areas in South America and Cuba. These species are embedded within the Bonnetia clade ( Fig. 2 ) . The phylogenetic distribution of Bonnetia species occurring in the Guiana Shield suggests that this region is not only the center of diversity for the genus, but may also be its center of origin.
Calophyllaceae -All genera of Calophyllaceae are monophyletic in our analyses. The monotypic genus Endodesmia is well supported (100 BP) as sister to the remaining Calophyllaceae. This latter clade represents tribe Calophylleae, which contains three moderately to well-supported subclades, whose interrelationships are unclear. The fi rst is strongly supported (92 BP) and contains the strictly New World genera Caraipa , Clusiella , Haploclathra , Kielmeyera , Mahurea , and Marila . The alternateleaved genera Caraipa , Kielmeyera , and Mahurea occur together in a weakly supported clade (51 BP) with the opposite-leaved Haploclathra , which is sister to Caraipa (99 BP). In contrast to other Calophyllaceae, these four genera, as well as the unsampled Neotatea , possess winged seeds ( Notis, 2004 ) . Taxa with cordate cotyledons ( Caraipa , Haploclathra , and Kielmeyera ) form a strongly supported (100 BP) clade. Clusiella and Marila are weakly supported (50 BP) as a clade in the expanded data set, but support for this relationship increases greatly in the reduced data set analysis (71 BP; Fig. 3 ). This relationship has been suggested by Hammel (1999b) based on the shared features of small foveolate seeds and an embryo with well-developed cotyledons. In addition, investigations of the cotyledon-to-hypocotyl ratio in Calophyllaceae indicate that Clusiella , Marila , Neotatea , and Mahurea possess ratios between 0.2 to 2, while all other Calophyllaceae have a ratio greater than 2 (P.F. Stevens, Missouri Botanical Garden and University of Missouri, St. Louis, unpublished data).
The second and third subclades together form a poorly supported clade (62 BP). The second subclade is moderately supported (74 BP) and includes Kayea , Mammea , and Poeciloneuron ; the third subclade is strongly supported (100 BP) and includes Calophyllum and Mesua . Although molecular support for the sister-group relationship of these subclades is weak, a (98 BP; Fig. 3 ) as sister to Caraipa tereticaulis Tul. Confl ict within Cratoxylum involved the placement of Cratoxylum formosum (Jack) Dyer. This taxon was sister to Cratoxylum sumatranum (Jack) Blume in the matR topology (88 BP; data not shown) but sister to the well-supported (89 BP; Fig. 3 ) clade containing Cratoxylum cochinchinense (Lour.) Blume and C. sumatranum in the combined topology. Upon further inspection, it appears that partially missing matR data for Caraipa densifolia and Cratoxylum cochinchinense may explain these incongruencies. The matR sequences of the taxa within each of these clades are identical, and as a result, taxa with partial matR data may be spuriously placed. These topological confl icts suggest possible concerns with combining our data in the reduced data set for phylogenetic analyses. However, topologies derived from the individual genes and the topology produced by the combined reduced data set are largely congruent, and where topological differences occur, very few of these are moderately to strongly supported. Importantly, these differences are only near the tips and between closely related taxa, indicating that confl ict in the backbone of the topology was not evident. We advise readers to proceed cautiously when interpreting areas where confl ict was discovered in the ndhF gene topology when compared to the combined reduced topology. Nevertheless, none of these areas are the focus of our study, and as such their implications will not be discussed further.
Finally, the monophyly of Clusiaceae s.l. (Calophyllaceae + Clusiaceae s.s.) could not be rejected ( Table 4 ) . Specifi c results concerning the topology and topological tests within each family are addressed in the Discussion.
DISCUSSION
Our results have provided several new insights into the clusioid phylogeny. We increased ingroup taxon sampling by at least a factor of 4.5 compared to previous studies Wurdack and Davis, 2009 ) , and resolution within the clade is much greater than in previous studies: over 60% of the clades in the ML tree were resolved with ≥ 80 BP ( Figs. 1, 2 ) . We resolved the position of four genera that have not been included in previous molecular studies (i.e., Diamantina , Ceratolacis , Griffi thella , and Santomasia ), and identifi ed several genera that are not monophyletic as currently circumscribed (i.e., Harungana , Hypericum , Ledermanniella s.s., Tovomita , and Zeylanidium ). This phylogeny provides a fi rm foundation for reassessing the current classifi cation of the clusioid clade (see Table 1 for a summary of our proposed changes). We discuss important results for each family below.
Bonnetiaceae -Bonnetiaceae are a small family of 35 species with a disjunct distribution between South America and Southeast Asia. Archytaea and Bonnetia are distributed exclusively in the New World, while Ploiarium are found only in Southeast Asia. Bonnetiaceae are split into two strongly supported (100 BP) subclades: the fi rst containing the genera Archytaea and Ploiarium, and the second containing Bonnetia . These two subclades are well defi ned by anatomical, vegetative, and fl oral features ( Baretta-Kuipers, 1976 ; Weitzman, 1996 , 1998 ; Weitzman and Stevens, 1997 ; Weitzman, 2005 ; Weitzman et al., 2007 ) . Archytaea and Ploiarium share unilacunar nodes, vascularized disciform structures on leaves and/or bracts, and marginal setae of the leaves associated with bers of his " Eugenioides group " (represented by Mammea siamensis (Miq.) T. Anderson, M. sp. 1, and M. sp. 2 in Fig. 1 ) are not. The position of the distinctive Mammea touriga (C.T. White & Francis) L.S. Sm., a species that lacks lamina fi bers ( Dunthorn, 2009 ) , is not well supported in our ML analyses. Nevertheless, in both ML trees (data not shown), this taxon is placed sister to a clade containing M. americana and M. africana , which also lack lamina fi bers. Finally, results within Mammea are interesting biogeographically because the Malagasy species (represented by M. sp. 1, M. sessilifl ora Planch. & Triana, and Mammea zeereae P.F. Stevens in Fig. 1 ) do not form a clade.
We were unable to sample the genera Lebrunia (Endodesmieae) and Neotatea (Calophylleae). Lebrunia is considered to be a close relative of Endodesmia ( Stevens 2007a) , and these genera together constitute tribe Endodesmieae. Endodesmia and Lebrunia are each monotypic and found in western tropical Africa. They possess a single, apical ovule, which in Calophyllaceae, is found only in tribe Endodesmieae ( Stevens, 2007a ) . Neotatea was originally described as a genus in Bonnetiaceae ( Maguire, 1972 ) and was once considered a species of Bonnetia ( Steyermark, 1984 ) . However, the placement of this species was problematic due to its possession of unilacunar nodes, latex, an indumentum, smooth stigmatic surfaces, and anther glands ( Weitzman and Stevens, 1997 ) . More recently, it was transferred to Clusiaceae s.l. (including Hypericaceae; Weitzman and Stevens, 1997 ) and then placed in tribe Calophylleae ( Stevens 2007a) . Neotatea possesses alternate leaves and winged seeds, which as noted previously, appear in only one Calophyllaceae clade. Thus, Neotatea is likely to be placed close relationship among these taxa has been suggested based on morphology ( Engler, 1925 ; Stevens, 1980 ) . Taxa in these clades possess ovules with basal placentation, and commonly two to four sepals, petals, and carpels. Genera in these two subclades also share primarily Old World distributions. The larger genera, Calophyllum and Mammea, additionally include a small number of New World species. The New World species of these genera that we sampled are embedded within these principally Old World clades ( Calophyllum brasiliense Cambess. and C. longifolium Willd.; Mammea americana ; Fig. 1 ), suggesting a possible Old World origin for Calophyllum and Mammea . In contrast to members of these principally Old World subclades, members of the strictly New World subclade described above tend to have axile or intruded parietal placentation, fi ve sepals and petals, and three carpels ( Notis, 2004 ; Stevens, 2007a ) . Our placement of Mammea differs strongly from Notis (2004) , who found it to be sister to all other Calophylleae. Relationships between Kayea , Mammea , and Poeciloneuron are unresolved in our trees. Although Kayea and Poeciloneuron are poorly supported as sister taxa ( < 50 BP), this relationship is corroborated by Notis (2004) and by morphology. These genera share a punctate stigma that differs from the expanded stigma of Mammea ( Notis, 2004 ) .
Our sampling within Mammea allowed us to partially examine the phylogenetic hypothesis of Dunthorn (2009) who proposed species groups based on variation in leaf and petiole anatomy. Our results indicate that species of his " Americana group " (represented by Mammea americana L. and Mammea africana G. Don in Fig. 1 ) are strongly monophyletic (100 BP), but mem- Guyana. Thysanostemon is certainly a member of the tribe Symphonieae, based on both vegetative and fl oral characteristics, and may be closely related to Lorostemon. These two genera have very elongated fl ower buds and pollen with supratectal elements, features not present in other Symphonieae ( Maguire, 1964 ; Seetharam, 1985 ) .
We found no support for a monophyletic Garcinieae. In contrast, Sweeney (2008) found Garcinieae to be strongly monophyletic using nuclear data (ITS and GBSSI). Additionally, members of Garcinieae possess several characters that unite the group: colleters, dioecy, capitate stigmas, eperulate buds (common), and introrse anthers (often). These features contrast with Symphonieae, which lack colleters, are hermaphroditic, and possess porose stigmas, perulate buds, and extrorse anthers ( Stevens, 2007a ; Sweeney, 2008 ) . Relationships within Garcinia presented here are in agreement with Sweeney (2008) . Importantly, we also fi nd Allanblackia embedded within Garcinia (67 BP; Fig. 2 ) . Support for this placement increases in the analysis of the reduced data set (82 BP; Fig. 4 ) and is strong in both BI analyses (100 PP). This corroborates the recommendation by Sweeney (2008) that Allanblackia be transferred to Garcinia . Furthermore, fl oral characters also support this placement: Allanblackia and all Garcinia species in this subclade have nectariferous appendages in the fl ower, unlike other members of Garcinia ( Sweeney, 2008 ) . However, a monophyletic Garcinia (excluding Allanblackia ) could not be rejected by the combined data sets ( Table 4 ) .
Hypericaceae -Three strongly supported subclades (100 BP) are recovered in Hypericaceae corresponding to tribes Cratoxyleae, Hypericeae, and Vismieae ( Stevens, 2007b ; see also Wurdack and Davis, 2009 ) . Cratoxyleae are sister to a strongly supported (97 BP) clade containing Hypericeae + Vismieae. Within Cratoxyleae, Cratoxylum and the monotypic Eliea are sister taxa. We sampled fi ve of the six Cratoxylum species representing the three sections recognized by Gogelein (1967) . This sampling allowed us to test his hypothesis of relationships in the group, which agreed with our results. Stevens (2007b) . Bamps recognized three genera: Harungana , Psorospermum , and Vismia . Bamps ' Harungana and Psorospermum are found in Africa and Madagascar, while his Vismia is divided into two subgenera, Vismia and Afrovismia, found in the Americas and Africa, respectively. More recently, Stevens (2007b) considered the tribe to have only two genera, Harungana and Vismia , distributed in the Old World (Africa and Madagascar) and New World (Central and South America), respectively. Formal taxonomic changes however, were not made to refl ect this viewpoint. Morphological characteristics that Stevens used to separate these two genera included the fusion of bracts to the pedicels (unfused in Vismia vs. fused in Harungana ) and staminode pubescence (pubescent in Vismia vs. glabrous in Harungana ; Bamps, 1966 ; Stevens, 2007b ) .
somewhere among these taxa. This hypothesis is supported by Notis (2004) who found Neotatea to be sister to Mahurea , based on the shared presence of intruded axile placentae bordered by in-curled carpel walls and seeds with a vascularized wing that does not completely surround the seed. Clusiaceae s.s. -Clusiaceae s.s. include two strongly supported (100 BP) subclades. The fi rst contains all genera of the strictly New World tribe Clusieae. Clusieae are characterized by a lack of bud scales, prevalent dioecy, nonfasciculate androecia, and fl eshy capsules with arillate seeds ( Stevens, 2007a ) . Support for intergeneric relationships within Clusieae is generally weak. Morphological characters indicating phylogenetic relationships are mostly lacking, but characters of the aril, leaf bases, and sepals seem promising for future study. Chrysochlamys and Clusia are strongly supported as monophyletic (96 and 99 BP, respectively); Dystovomita and Tovomita are nonmonophyletic, but their monophyly could not be rejected ( Fig. 2 ; Table 4 ). Dystovomita paniculata (Donn. Sm.) Hammel is weakly placed as sister to all other Clusieae and Dystovomita cf. brasiliensis D ' Arcy is strongly (92 BP) embedded within a clade of Tovomita spp. The nonmonophyly of Dystovomita should be interpreted cautiously, however, because the name D. brasiliensis was applied to this taxon in the Flora Reserva Ducke ( Ribeiro, 1999 ) with the hope of eventually comparing it to the type specimen. Unfortunately, the type appears to have been lost. Thus, we cannot validate the identifi cation of our specimen and cannot know with certainty if Dystovomita sensu D ' Arcy (1978 ) is nonmonophyletic. However, we can say that the taxon labeled as D. cf. brasiliensis in our analyses and the taxon listed as D. brasiliensis in the Flora Reserva Ducke are better attributed to Tovomita , a genus that may also be nonmonophyletic. Tovomita weddelliana Planch. & Triana is weakly placed (51 BP) as sister to Clusia rather than with the remaining Tovomita species ( Fig. 2 ) . Interestingly, T. weddelliana and species of Clusia are both found at relatively high altitudes in the Neotropics. All other members of the tribe are generally found in lowland tropical forests ( Gustafsson et al., 2007 ) . It is surprising that Tovomitopsis is not placed near Chrysochlamys because the two are morphologically similar and have often been considered synonymous ( Hammel, 1999a ) . It may be that biogeography is more helpful than morphology for separating these two genera: Chrysochlamys occurs in Central America, the Caribbean, and northwestern South America; Tovomitopsis occurs in southeastern Brazil ( Bittrich, 2010 ) .
The second subclade in Clusiaceae s.s. includes all Garcinieae and Symphonieae. In contrast to Clusieae, this group is characterized by a fasiculate androecium ( Stevens, 2007a ; Sweeney, 2008 ) . We provide the fi rst strongly supported evidence that Symphonieae are monophyletic (84 BP; Fig. 2 ) . Previous results have suggested that they may not be monophyletic Sweeney, 2008 ) , which was surprising based on morphology. Members of this clade possess a branched style with each branch having no exposed stigmatic surface. Instead, there is a small apical pore in the stigma through which pollen enters the stigmatic cavity, which is unique in Malpighiales ( Bittrich and Amaral, 1996 ) . Within Symphonieae, Pentadesma and Symphonia are genera with Old World origins ( Dick et al., 2003 ; Stevens, 2007a ; Dick and Heuertz, 2008 ) and are successive sister groups to a clade containing the New World taxa Lorostemon , Moronobea , and Platonia plus the New Caledonian genus Montrouziera . The only genus in Symphonieae we were not able to include was the poorly known Thysanostemon from A hyphen indicates that the node was not present in a particular analysis. Endo., Endodesmieae; Trist., Tristichoideae; Wed., Weddellinoideae. Revised names for Hypericeae genera are given; former names are included in parentheses. Tree continued in Fig. 4 . Cook and Rutishauser, 2007 ) . Within the Tristichoideae clade, bootstrap support for Dalzellia + Indotristicha is weak (58 BP; Fig. 1 ), which is surprising because this clade has received strong support elsewhere ( Koi et al., 2009 ). The Dalzellia + Indotristicha clade is also supported by morphology: a leafy cupule surrounding the fl ower bud is a putative synapomorphy for this clade ( Koi et al., 2009 ). The only genus in this subfamily we were unable to include was the recently described Cussetia, which shows affi nities to Terniopsis and Tristicha ( Kato, 2006 ( Kato, , 2009 Koi et al., 2009 ) .
Podostemoideae are strongly supported as monophyletic (100 BP) and are characterized by the presence of a spathella that encloses the fl ower bud prior to anthesis. Its sister clade, Weddellinoideae, differs from Podostemoideae by the absence of a spathella and the presence of a distinct perianth, which are likely plesiomorphic characters shared with Tristichoideae ( Kita and Kato, 2001 ). For the fi rst time, we present evidence that the monotypic New World genus Diamantina is sister to the remaining Podostemoideae ( Fig. 1 ) . Its position is poorly supported (56 BP), likely because we were only able to obtain a portion of matK for this taxon. However, previous authors have hypothesized a similar phylogenetic placement of Diamantina ( Philbrick et al., 2004b ; Rutishauser et al., 2005 ; Koi et al., 2006 ) . Among the remaining Podostemoideae, there are two subclades, an exclusively New World clade represented by Apinagia , Castelnavia , Marathrum , Monostylis , Mourera , Noveloa , and Rhyncholacis ( Fig. 1 ) and a primarily Old World clade containing all other genera sampled here. The two New World genera, Ceratolacis and Podostemum , are an exception and are embedded within this primarily Old World clade. Kita and Kato (2001) showed that Podostemum was more closely related to the Old World members of Podostemoideae, but our results are the fi rst strong evidence that Ceratolacis belongs to the Old World clade (94 BP; Fig. 1 ). This mostly Old World clade is loosely characterized by the possession of an andropodium, one or two stamens per fl ower, and pollen dyads (which are sometimes secondarily lost). The strictly New World clade is characterized by often having several free stamens per fl ower and pollen in monads ( Cook and Rutishauser, 2007 ) .
Much greater taxon sampling is needed in the New World Podostemoideae clade before evolutionary, taxonomic, and biogeographical patterns can be inferred (see also Tippery et al., in press ). In particular, sampling in the genera Apinagia , Marathrum, and Rhyncholacis will need to be improved to further determine their limits. Furthermore, the New World genera Cipoia , Macarenia , and Wettsteiniola have never been included in a molecular phylogenetic study. Macarenia and Wettsteiniola are likely members of this clade based on morphological analysis (C.T. Philbrick, unpublished data). Cipoia, however, shares traits with members of the primarily Old World clade, such as pollen in dyads ( Philbrick et al., 2004b ; Bove et al., 2006 ) . All New World taxa with dyad pollen sampled to date have been placed in the primarily Old Word clade (i.e., Ceratolacis and Podostemum ).
The mostly Old World Podostemoideae clade is composed of four subclades whose interrelationships are unresolved: (1) the New World genus Podostemum ; (2) the Malagasy genera Endocaulos and Thelethylax ; (3) the Asian and Australian genera Cladopus , Griffi thella , Hanseniella , Hydrobryum , Paracladopus , Polypleurum , Thawatchaia , and Zeylanidium ; and (4) the Brazilian genus Ceratolacis plus the African genera Dicraeanthus , Djinga , Inversodicraea , Ledermanniella , Leiothylax , Letestuella , Macropodiella , Monandriella , and Stonesia . Podostemum is a Our results indicate that neither of these classifi cations refl ect phylogenetic relationships ( Fig. 1 ) . Harungana sensu Stevens (i.e., Old World Vismieae) is paraphyletic and includes American Vismieae. Vismia subgenus Afrovismia sensu Bamps is also not monophyletic: Vismia guineensis (L.) Choisy is embedded in Psorospermum , and Vismia rubescens Oliv. is sister to Harungana madagascariensis Poir. We believe that the sampling here is too preliminary to propose taxonomic revisions. However, restricting Harungana to include only H. madagascariensis (the type species of the genus) and Vismia rubescens , and including all other African and Malagasy species in an extended Psorospermum is a reasonable solution if these relationships are further corroborated by additional data. Morphological distinctions between these groups are lacking, but characters of the cotyledons and the position of the bracteoles on the infl orescence may be useful.
Within the third subclade, Hypericeae, Hypericum sensu Robson (1977 onward) and Stevens (2007b) is not monophyletic ( Fig. 1 ; Table 4 ). These authors recognize four small genera ( Lianthus , Santomasia, Thornea , and Triadenum ) as separate from Hypericum , primarily based on the possession of staminodes, which are mostly absent in Hypericum ( Robson, 1972 ( Robson, , 1977 Stevens 2007b ) . White, pink, or reddish petals further separate Lianthus , Thornea , and Triadenum from Hypericum , which has yellow petals ( Breedlove and McClintock, 1976 ; Robson, 1981 Robson, , 2001 Stevens 2007b ) . However, in our analyses, Santomasia, Thornea , and Triadenum are well supported as members of a subclade of Hypericum (83 BP). This result does not agree with a recent morphological analysis of Hypericaceae where only Santomasia was found to be embedded within Hypericum ( N ü rk and Blattner 2010 ). The distribution of staminodes in the androecium of Hypericeae species offers additional support for our result. As stated previously, staminodes are present in Lianthus , Santomasia, Thornea , and Triadenum , as well as in all members of Cratoxyleae and Vismieae. However, staminodes are largely absent in Hypericum , except in sections Adenotrias and Elodes (represented in our study by H. aegypticum L. and H. elodes L., respectively [ Robson, 1996 ;  Fig. 1 ]) . All Hypericeae taxa with staminodes occur in the same Hypericum subclade. We were unable to sample Lianthus , but it is very likely that this monotypic genus is also a member of this subclade because it possesses staminodes and shows strong affi nities with Thornea and Triadenum ( Robson, 2001 ) . Given the embedded position of these smaller genera in Hypericum , we propose that Lianthus , Santomasia , Thornea , and Triadenum be reinstated as members of Hypericum ( Table 1 ) . These taxa have all previously been described as members of Hypericum , and as such, appropriate names are available ( Table 5 ) .
Podostemaceae -Our results generally agree with previous studies but include much denser character and taxon sampling ( Kato et al., 2003 ; Kita and Kato, 2004a , b ; Moline et al., 2006 Moline et al., , 2007 Koi et al., 2008 Koi et al., , 2009 Pfeifer et al., 2009 ; Thiv et al., 2009 ; Koi and Kato, 2010 ; Tippery et al., in press ). We recognize the three subfamilies proposed by Engler (1930) , which are each strongly supported (100 BP) as monophyletic here and elsewhere ( Kita and Kato, 2001 ; Moline et al., 2007 ) .
Tristichoideae are strongly supported as monophyletic (100 BP) and are sister to a clade containing subfamilies Podostemoideae + Weddellinoideae. Tristichoideae have tricarpellate ovaries and pantoporate pollen, in contrast to Podostemoideae and Weddellinoideae, which have bicarpellate ovaries and mostly tricolporate or tricolpate pollen ( Kita and Kato, 2001 ; February 2011] Ruhfel et al.
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Polypleurum , and Zeylanidium . In contrast, Moline et al. (2007) placed Podostemum sister to a clade of the African/Malagasy taxa, although with weak bootstrap support ( Moline et al., 2007 ) . We were unable to obtain material of the Malagasy taxa Endocaulos and Thelethylax and were limited to available matK sequence data from GenBank (Appendix 1). Recent studies ( Moline et al., 2007 ; Pfeifer et al., 2009 ) used these same sequences in their analyses and found a sister group relationship between these Malagasy taxa and the African Podostemoideae weakly supported (53 BP) clade in our ML expanded data set analysis, but is strongly supported by BI (97 PP). The latter results are corroborated by previous studies, which provide strong morphological and molecular evidence that Podostemum is monophyletic ( Philbrick and Novelo, 2004 ; Moline et al., 2006 ) . Although Podostemum forms a polytomy with the three other subclades in our expanded analysis ( Fig. 1 ) , the reduced analysis provides moderate support (73 BP; Fig. 3 ) for it being the sister group to the Asian and Australian taxa Cladopus , Paracladopus , Notes: P values less than 5% (marked with a " * " ) indicate topologies that differ signifi cantly from the best tree. [Vol. 98 (100 BP). Koi and Kato (2010) also demonstrated the nonmonophyly of Zeylanidium , but Griffi thella was not included in their study. We believe that the sampling here is too preliminary to consider taxonomic changes.
Conclusions and future directions -The phylogeny of the clusioid clade presented here provides a greatly improved understanding of the evolutionary history of this morphologically and ecologically diverse clade. Taxon sampling and resolution within the clade is greatly improved compared to previous studies, which has allowed us to propose a more refi ned classifi cation of the group. In the future, we will concentrate on two main areas of research using the clusioid clade as a study system.
Increased taxon and character sampling -Many important clusioid taxa have not been sampled with molecular data, and key areas in our phylogeny remain unresolved or poorly supported. To address these issues further, future taxon sampling should focus on unsampled genera, as well as on expanding sampling of distinct morphological or biogeographical groups within several larger genera (e.g., Apinagia , Calophyllum , Chrysochlamys , Clusia , Garcinia , Hypericum , Ledermanniella , Mammea , and Marathrum ). In several genera, such as Chrysochlamys and Clusia , particularly in Andean countries, the alpha taxonomy is poorly known, and many species are undescribed. In these groups, revisionary taxonomic studies should be well integrated with phylogenetic investigations. Additionally, obtaining wellsampled phylogenies of Calophyllum, Hypericum , and Mammea will be important for future biogeographic studies of the clusioid clade because the early biogeographic histories of these widely distributed genera are unknown and are critical to assessing ancestral areas within the clusioids (see below). Character sampling, in addition to taxon sampling, should also be increased to help provide better resolution and support in various areas of the tree. Increased sampling of the plastid and mitochondrial genomes will be valuable, but nuclear markers should also be used in future studies to represent the evolutionary history of all three genomes. A particularly useful marker may be the low-copy nuclear gene PHYC , which has been shown to be very informative at both the familial and ordinal levels in Malpighiales ( Davis et al., 2002 ; Davis and Chase, 2004 ; Kathriarachchi et al., 2005 ; Samuel et al., 2005 ; Wurdack and Davis, 2009 ; B.R. Ruhfel, unpublished data) .
Biogeography -The clusioids offer a unique opportunity to study the biogeography of tropical angiosperms with Gondwanan distributions because they are of ancient origin and possess clade. They proposed that completely or partially inverted fl ower orientation in bud might be a synapomorphy for the African/Malagasy clade ( Grob et al., 2007 ; Moline et al., 2007 ) . However, we fi nd that the New World Ceratolacis , rather than the Malagasy taxa, are sister to the African clade, albeit with poor support (52 BP). Although Ceratolacis shares two stamens, an andropodium, and dyad pollen with many members of the primarily Old World clade, it also shares an asymmetrically placed stipule and an andropodial tepal with some members of Podostemum ( Philbrick et al., 2004a , b ) and forms a clade with Podostemum in a morphological analysis of the family (C.T. Philbrick, unpublished data).
We present new relationships and increased support within the clade of African taxa recently studied by Thiv et al. (2009) . The monotypic Monandriella is weakly supported (57 BP) as sister to the remaining taxa from mainland Africa rather than embedded within the clade as in Thiv et al. (2009) . Thiv et al. proposed that this genus might form a clade with other African taxa that shed their pollen in monads [their " Ledermanniellamonad " group; here represented by Ledermanniella bifurcata (Engler) C. Cusset, Leiothylax, Letestuella, Macropodiella and Stonesia ; Fig. 1 ]. Our data do not support this suggestion, although our placement of Monandriella does support maintaining it as a separate genus. We also fi nd strong support (86 BP) for a monophyletic Inversodicraea ( Ledermanniella subgenus Phyllosoma sensu C. Cussett), for which there was no previous molecular support, confi rming the separation of Inversodicraea from Ledermanniella s.l. sensu Thiv et al. The Inversodicraea clade is also supported by morphology: these taxa possess stem scales ( Cusset, 1983 ; Thiv et al., 2009 ) . Two clades containing taxa whose pollen is shed primarily in monads (mentioned above, excluding Monandriella ) or dyads [here represented by Dicraeanthus , Djinga , Ledermanniella bowlingii (J.B. Hall) C. Cusset, Ledermanniella letouzeyi C. Cusset, Ledermanniella linearifolia Engl., and Ledermanniella pusilla (Warm.) C. Cusset in Fig. 1 ] are also moderately to strongly supported here but not in Thiv et al. (2009) . Pollen shed in monads appears only in a few subclades in the mostly Old World clade, particularly among the mainland African taxa, suggesting that other African members that possess monads not sampled here (e.g., Winklerella and Zehnderia ) belong among these taxa. Furthermore, we fi nd strong support that the genus Ledermanniella s.s. as proposed by Thiv et al. (2009 ;  former Ledermanniella subgenus Ledermanniella minus Monandriella sensu C. Cusset) is not monophyletic ( Fig. 1 ; Table 4 ).
Within the Asian Podostemoideae clade, we show that Zeylanidium is not monophyletic ( Fig. 1 ; Table 4 ): Zeylanidium subulatum (Gardner) C. Cusset is sister to Polypleurum (100 BP) and Zeylanidium lichenoides Engl. is sister to Griffi thella Crepet and Nixon, 1998 ) and the Eocene (~45 Ma; Jan-du- Chene et al., 1978 ) and their stem group age dates to the mid-Cretaceous (99 -109 Ma; Davis et al., 2005 ) . The clusioids are prominently featured in the classic work by Raven and Axelrod (1974) , which integrated plate tectonics with angiosperm evolution and biogeography. Raven and Axelrod hypothesized that various clusioid clades date back to Gondwanan times when Africa and South America were in close proximity to one another. More recent analyses, however, have indicated that at least some intercontinental disjunctions within this group are far more recent and are more consistent with long-distance dispersal rather than ancient Gondwanan vicariance ( Dick et al., 2003 ; Kita and Kato, 2004b ) . Biogeographical studies of pantropical groups are few (see Clayton et al., 2009 and references therein) and are needed to increase our understanding of the relative roles of ancient vicariance and more recent dispersal in the assembly of the modern tropical biota ( Pennington and Dick, 2004 ) . Determining which of these two factors is most plausible for the many intercontinental disjunctions implied in our trees is testable and is a major focus of our future efforts. While many disjunctions involving former Gondwanan landmasses can now be localized in our topology, an assessment of the infl uence of ancient vicariance vs. more recent dispersal cannot be determined until we know where and when these events occurred. This information can be gleaned from ancestral area reconstructions and divergence time estimation. It is of utmost importance that these analyses include appropriately placed fossils. Paleoclusia chevalieri Crepet & Nixon dates back to the Turonian, (~90 Ma), is among the oldest rosid macrofossils, and has been attributed to Clusiaceae s.s. ( Crepet and Nixon, 1998 ) . Its exact phylogenetic placement within the clusioid clade, however, remains to be determined. Analysis of a data set containing both molecular and morphological data may allow us to place this and other critical clusioid taxa that lack molecular data ( Wiens, 2009 ; B.R. Ruhfel, P.F. Stevens, and C.C. Davis, unpublished manuscript). The placement of this fossil will be important for estimating divergence times in the clusioid clade as well as in the broader rosid clade. A further benefi t of estimating divergences times within this clade concerns the response of tropical angiosperms to the Cretaceous -Tertiary (K-T) mass extinction event. The ancient age of the clusioids makes this group amenable to examine what effect, if any, the K-T mass extinction had on tropical rain forest diversity. A biogeographical study of the clusioids (B.R. Ruhfel, C.P. Bove, C.T. Philbrick, and C.C. Davis, unpublished manuscript) will enable the exploration of these important topics and will help to clarify the origin and maintenance of diversity in modern tropical rain forests. 
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